A novel method for selecting overproducing strains of rifamycin B was developed. This technique involves the use of lysozyme and the effect of barbital on the growth of A. mediterranei. Complete medium added with glycine and barbital was inoculated with mutagenized mycelium, incubated for 48 hours and treated with lysozyme. The lysozyme resistant mycelium was washed with dilute detergent. Complete medium with glycine but without barbital was inoculated with the washed mycelium. Protoplasts were obtained and regenerated and the colonies were picked and seeded on Bennet agar plates with and without barbital. Two selected mutants were sensitive to 0.5% barbital producing 200% more rifamycin than the parental strain. In addition, 30 barbital resistant mutants were isolated and their production level was lower than the one observed with the parental strain. These results suggest that the effect of barbital on secondary metabolism (rifamycin production) is related to its effect on primary metabolism.
Rifamycin B is an important antibiotic produced by Amycolatopsis mediterranei, originally described by SENSI and coworkers1) Semisynthetic derivatives are prepared from this fermentation product. This family of antibiotics has activity against Mycobacterium tuberculosis and Mycobacterium avium. The former is the causative agent of an infection common in patients with Acquired Immune Deficiency Syndrome (AIDS)2).
Several attempts have been made to improve rifamycin production strains of A. mediterranei, using recombinant DNA techniques3) and classical mutation methods4). But none has been based on a compound that gives a marked stimulatory response on rifamycin B biosynthesis, such as barbital (5,5-diethylbarbituric acid) . MARGALITH and PAGANI in their classical works5), showed that addition of 11mM barbital to the culture medium caused a shift towards production of rifamycin B and away from other rifamycins.
On the other hand, barbital has a toxic effect upon A. mediterranei. Mycelial growth is 20 to 25% more abundant in a medium without barbital than in its presence. In addition, the presence of 0.2% barbital reveals inhibition in colonial growth in surface culture.
In this paper, we demonstrate that there is a relationship between the toxic effect of barbital and biosynthesis of and yeast extract 0.5%) supplemented with 2.5% of glycine. The protoplasts were obtained by the method described by SHUPP and DIVERS8) and LAL et al. 3 ), but we used P buffer9) instead of R2L, and the incubation Protoplasts were plated on CRM (with agar Difco) and then the plates were overlaid with 3ml of soft agar (0.5%).
Selection of Sensitive Mutants to Barbital CRM medium with glycine (2.5%) and barbital (0.4%) was inoculated with mutagenized mycelium. The
The culture was treated with lysozyme as it was described previously. The resistant mycelium to lysozyme was washed with diluted detergent (0.01% SDS The toxic effect of barbital on growth was determined in plates with Bennet medium supplemented with barbital. The data in Table 1 shows that the M 18 strain could not grow with 0.5% barbital, and it was more sensitive than the type strain (ATCC 13685).
Growth of the M 18 strain was observed when Bennet medium without barbital was inoculated with mycelium from a young culture (96 hours) with 0.75% barbital. In accordance with Table 1 , in this concentration the strain could not grow. However, this preincubation did not result in the death of mycelium.
Effect of the Age of Mycelium on Lysozyme Activity
The effect of the age of mycelium on lysozyme activity was studied with a view to develop an efficient procedure to select sensitive mutants to barbital. The results of these experiments are shown in Table 2 .
Selection of Resistant Mutants
Thirty mutants were selected for their ability to grow of these mutants grew with 0.75% barbital and 9 with 1 %. Five, out of 30 isolated mutants, were chosen at random for further characterization. The mycelium of A. mediterranei (ATCC21789) was obtained from cultures (CRM with 2 .5% glycine) incubated from 48 hours to 144 hours. Then the mycelium was treated with lysozyme . Plates with CRM medium were inoculated before and after lysozyme treatment. strain (M18) and the mutants resistant to barbital (Mrb).
The time course of rifamycin B production by the parental strain (M 18) and five selected mutants is presented in Figure 1 . These mutants showed less rifamycin production and glucose consumption than the parental strain.
It is important to mention that the colonies of all resistant mutants (30 isolates) showed less intense color than the parental strain, which indicates that secondary metabolism is altered.
Selection of Sensitive Mutants
Ten mutants were selected and two of them were sensitive to 0.5% barbital. The time course of antibiotic production of these mutants is shown in Figure 2 . THE JOURNAL OF ANTIBIOTICS 61
Fig. 2. Time course of rifamycin B production (-)
and glucose consumption (--) in the parental strain (M18) and the mutants sensitive to barbital (Msb) . Both sensitive mutants (Msb1 and Msb2) produced more rifamycin than the parental strain (M 18) and consumed similar amounts of glucose. Table 3 gives a comparison in specific production (Yp/x), of the different strains. The resistant mutants to barbital (BARR) reduced their Yp/x mean value (50mg/g) to less than half of the Yp/x value (315mg/g) of the parental strain, and 10 times less than sensitive mutants (525mg/g). Also the mean Yp/x value for the two BARS mutants was 67% higher than the Yp/x of the parental strain. The values of substrate yields (Yp/s) changed in a similar way to Yp/x. They were the lowest (3.8mg/g) for BARR strains, the highest (47mg/g) for BARS strains and intermediate for the parental strain.
Biomass production measured as Yx/s was very similar for all strains except for Mrb11, although BARR strains had slightly higher mean value (0.09mg/g) than the parental strain (0.04mg/g).
BARR strains had lower substrate yields (Yp/s) and very low productivity (Yp/x). Whereas, sensitive mutants nearly doubled the Yp/x, and Yp/s values as compared to the parental M18 strain.
very good trait, because these strains had similar production times than the parental strain. Biomass level (Xmax) was higher for BARS strains and lower for BARR strains than the parental strain. This mention above.
Finally, it is important to mention that the concentration of rifamycin W and V (indicators of the more than 20 rifamycins) produced by the mutants or the undetectable by the analytic method used (HPLC).
Production curves were followed by the Model decorrespond to production model closely associated to of BARR strains (1,174 mghg -1 1 -1) and also higher than the parental strain (5,941 mghg -1 1 -1) These experiments were done in a medium without insoluble solids, because we were interested in specific antibiotic production. However, it is interesting to note that the mutant Msb2 was able to produce up to 6mg/ml of rifamycin B when in an industrial type medium (unpublished results).
Discussion
As mentioned in the Introduction, barbital at sublethal concentrations has a positive effect on rifamycin B biosynthesis. In addition, the presence of high concentrations of this compound has a toxic effect on the growth of A. mediterranei, which was demonstrated by MARGALITH and PAGANI5) in 1961. However, the relationship between barbital sensitivity and high rifamycin production had not been studied previously.
Our results show that all (30) the isolated barbitalresistant mutants produced less rifamycin than the parental strain. On the other hand, the two sensitive mutants isolated showed an important increase in rifamycin B production (around 200%). This suggests that there is a relationship between the sensitivity to barbital and the overproduction of rifamycin B. This idea is further supported by the fact that the parental strain (M 18) and the type strain (ATCC 13685) showed the same pattern: the M 18 strain was more sensitive to Another interesting finding was the observation that the specific growth rate of sensitive mutants was greater than the parental strain in fermentation (Bennet) medium. This was an unexpected result, but when we compared M 18 against the type strain, the growth of M 18 was greater. In other words, the higher producing strains were more sensitive to barbital and they grew faster in the fermentation medium. 
